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(54) SLEEP STAGE DETERMINIG METHOD AND SLEEP STAGE DETERMINING 
DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To measure the sleep 
stage of a subject in on-invasive state by extraction a 
palmus signal and a breath signal from output signals 
of a living body signal detecting means disposed 
under the body of the subject, and discriminating a 
non-REM sleep and as REM sleep from at least one 
variation pattern between a palmus signal waveform 
and a breath signal waveform. 
SOLUTION: In a bed 7 where a subject lies, an air 
mat is disposed in a position to which the body of a 
tested person is applied, and a micro-differential 
pressure sensor 13 and an absolute pressure sensor 
2 are installed through an air tube 12 connected to 
one end of the air mat 1 1 to constitute a living body 

signal detecting means 1 for detecting a living body signal of the subject. A signal extract 
means 4 of a sleep stage determination control device 3 is adapted to extract a signal by 
application of a suitable filter and a data processing means, and a sleep stage determining 
means 5 determines the sleep stage from a palmus signal and a breath signal extracted by 
the signal extract means 4. The determination result of the sleep stage is continuously 
recorded. 
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* NOTICES * 

JPO and NCI PI are not: responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The sleep phase judging approach which arranges a biomedical signal detection means to 
detect the biomedical signal of this test subject stationed under a test subject's body, extracts a 
heartbeat signal and a respiratory signal from the output signal of said biomedical signal detection 
means, and distinguishes non-REM sleep and REM sleep from one [ at least ] fluctuation pattern 
among a heartbeat signal wave form and a respiratory signal wave form. 

[Claim 2] A top Norio object signal detection means is the sleep phase judging approach according 
to claim 1 characterized by being the biomedical signal detection means which consists of a pressure 
sensor which detects the internal pressure of an air mat and this air mat. 

[Claim 3] The sleep phase judging approach according to claim 1 or 2 which distinguishes non-REM 
sleep and REM sleep from the fluctuation pattern of R wave spacing of said heartbeat signal wave 
form. 

[Claim 4] The sleep phase judging approach according to claim 1 or 2 which distinguishes non-REM 
sleep and REM sleep from the fluctuation pattern of respiratory spacing of said respiratory signal 
wave form. 

[Claim 5] A biomedical signal detection means to detect the biomedical signal of this test subject 
stationed under a test subject's body, A signal extract means to extract a heart rate signal and the 
signal of a respiration rate from the output signal of said biomedical signal detection means, Sleep 
phase judging equipment equipped with a sleep phase judging means to extract a heartbeat signal 
and a respiratory signal from the output signal of said biomedical signal detection means, and to 
distinguish non-REM sleep and REM sleep from one [ at least ] fluctuation pattern among a 
heartbeat signal wave form and a respiratory signal wave form. 

[Claim 6] A top Norio object signal detection means is sleep phase judging equipment according to 
claim 5 characterized by being the biomedical signal detection means which consists of a pressure 
sensor which detects the internal pressure of an air mat and this air mat. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the method of judging a test subject's sleep phase, 
and its equipment about the judgment approach of a sleep phase, and its judgment equipment by 
using a-less invasion detection means to the body of the test subject under sleep of Nighttime 
especially. 
[0002] 

[Description of the Prior Art] Although there are approaches, such as receiving a medical checkup 
periodically as the approach of the individual health care, mental stress [ overlook / in the medical 
checkup of about 1 time / in many cases / and / in several months / abnormalities, such as a delicate 
change of the body, ] etc. is difficult to throw into relief by a medical checkup, oral consultation, etc. 

[0003] In case individual health is considered, sleep is used as the barometer in many cases, and it is 
just going to be known well that sleep and health are related closely. The depth of sleep of health and 
Nighttime and its quality are closely connected with a temper of the next day or energy, on the other 
hand, when mental stress and condition are poor, change takes place to the depth and the pattern of 
sleep, and comfortable sleep is not obtained. 

[0004] After carrying out hypnagogic, a non-REM sleep phase REM sleep phase appears repeatedly 
at fixed spacing, but when having broken down condition, or when mental stress has started, it is 
known for healthy sleep that the rhythm will be confused. Therefore, by supervising the sleep phase 
and its generating pattern under sleep of Nighttime, it becomes possible to get to know the defect of 
a test subject's mental stress or condition. 

[0005] The approach using a sleep poly SOMUNO graph (PSG) as an approach of getting to know a 
certain sleep phase from the former is common. Although the activity of the cranial nerve system 
under sleep can be presumed from an electroencephalogram, surface myoelectric potential, eye 
movement, etc. and much information about sleep can be acquired, in order to measure by equipping 
a test subject's face and the body with many electrodes, the time for one week will be taken to be 
able to obtain natural sleep in the approach using PSG from several. Therefore, the physical and 
corporal burden given to a test subject is very big, and the costs which this takes also become a large 
sum further. 

[0006] Therefore, if a test subject's physical and corporal burden is considered even if it can grow 
into an effective cure that that PSG has a somnipathy uses it for a clear patient etc., it is impossible 
practically to use it, living a life usual at to use it for the everyday health care, especially a home. 
[0007] 

[Problem(s) to be Solved by the Invention] Although it turns out that it is effective to get to know the 
condition of sleep and its quality in order to know a test subject's everyday health condition, the 
present condition is that there is now no detection equipment of the sleep phase which can be used 
easily [ the purpose of the individual health care ]. Then, the purpose of this invention aims at 
offering the approach and equipment which can measure a test subject's sleep phase, without being 
non-invasion, namely, applying a corporal and mental burden to a test subject's body at a test subject. 

[0008] 
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[Means for Solving the Problem] The sleep phase judging approach of this invention is the sleep 
phase judging approach which arranges a biomedical signal detection means to detect the biomedical 
signal of this test subject stationed under a test subject's body, extracts a heartbeat signal and a 
respiratory signal from the output signal of said biomedical signal detection means, and distinguishes 
non-REM sleep and REM sleep from one [ at least ] fluctuation pattern among a heartbeat signal 
wave form and a respiratory signal wave form. 

[0009] Especially the above-mentioned biomedical signal detection means can be made into the 
biomedical signal detection means which consists of a pressure sensor which detects the internal 
pressure of an air mat and this air mat. Moreover, as a fluctuation pattern of a signal, non-REM sleep 
and REM sleep may be distinguished from the fluctuation pattern of R wave spacing of said 
heartbeat signal wave form, and non-REM sleep and REM sleep may be further distinguished from 
the fluctuation pattern of respiratory spacing of said respiratory signal wave form as a fluctuation 
pattern of a signal. 

[0010] A biomedical signal detection means to, detect the biomedical signal of this test subject that 
has arranged the sleep phase judging equipment of this invention under a test subject's body on the 
other hand, A signal extract means to extract a heart rate signal and the signal of a respiration rate 
from the output signal of said biomedical signal detection means, It is sleep phase judging equipment 
equipped with a sleep phase judging means to extract a heartbeat signal and a respiratory signal from 
the output signal of said biomedical signal detection means, and to distinguish non-REM sleep and 
REM sleep from one [ at least ] fluctuation pattern among a heartbeat signal wave form and a 
respiratory signal wave form. 

[001 1] Especially the above-mentioned biomedical signal detection means can be made into the 
biomedical signal detection means which consists of a pressure sensor which detects the internal 
pressure of an air mat and this air mat. 
[0012] 

[Function] Since the sleep phase judging approach of this invention does not need to detect a 
heartbeat signal and a respiratory signal using a-less invasion detection means, does not need to 
judge a test subject's sleep phase from these fluctuation patterns and does not need to equip a test 
subject with the electrode for measurement etc., it becomes possible [ adopting daily ], without 
applying a physical and mental burden to a test subject. 
[0013] 

[Embodiment of the Invention] The example of this invention is explained. In addition, thereby, this 
invention is not limited. Drawing 1 is an explanatory view explaining the system of the sleep phase 
judging equipment concerning this invention, and mainly consists of a biomedical signal detection 
means 1 and sleep phase judging equipment 3. 

[0014] In drawing 1 , the air mat 1 1 is arranged in the location which requires a test subject's weight 
for the bedding 7 with which a test subject lies. A suitable quantity of air is enclosed with the air mat 
1 1 , it is maintained at the pressure which is extent in which the air mat 1 1 is not crushed by a test 
subject's weight, and the fine differential pressure sensor 13 and the absolute-pressure sensor 2 are 
attached through the air tube 1 2 connected to the end of the air mat 1 1 . That is, a biomedical signal 
detection means 1 by which the air mat 11, the air tube 12, and the fine differential pressure sensor 
1 3 detect a test subject's biomedical signal signal is constituted. A biomedical signal here puts a 
motion of the body by the test subject including the minute vibration resulting from a heartbeat or 
breathing. 

[0015] In an example, although the detection means of the biomedical signal signal which consists of 
an air mat 1 1 , an air tube 12, and a fine differential pressure sensor 13 is used, it cannot necessarily 
restrict to this and the bedding and mat which enclosed the piezo-electric sensor can also be adopted. 
Moreover, although the approach by which the direct air mat 1 1 is arranged is shown by drawing 1 
under the body, as long as there is no fault in detection of a biomedical signal signal, the air mat 1 1 
may be arranged under bedding 7. 

[001 6] The air mat 1 1 is constituted from thickness of about 12-1 5mm, and if a test subject lies on it, 
the pressure is maintained so that it may become the thickness of about 4-6mm. Moreover, putting an 
elastic body into reinforcement so that the top face and inferior surface of tongue of the air mat 1 1 
may not contact by a test subject's weight is also considered. 
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[0017] The fine differential -pressure sensor 13 is a differential -pressure-gage sensor of the capacitor 
microphone mold formed in the termination of the air tube 12 connected with the air mat 1 1 interior, 
and is a suitable sensor to detect the pressure variation received in a pressure-receiving side, and 
detect fluctuation of the pressure of the air mat 1 1 interior by minute vibration by detecting the 
electrostatic-capacity change between the pressure-receiving side which receives the pressure of the 
air mat 1 1 interior, a pressure-receiving side, and the counterelectrode which has countered. 
Therefore, it becomes possible to detect the minute pressure variation of the air mat 1 1 interior 
generated by vibration of the air mat 1 1 resulting from a test subject's heartbeat and breathing. 
[001 8] To said fine differential pressure sensor 1 3 being what measures a changed part of a pressure, 
literally, the absolute-pressure sensor 2 measures absolute pressure, and it is formed in order to know 
whether it is that the test subject is doing lying in bed on the air mat 1 1 . The absolute-pressure sensor 
2 is connected to the interior of the air mat 1 1 by the air tube 12 like the fine differential pressure 
sensor 13, and, as for the output signal, a test subject's lying in bed is checked by the test subject 
lying-in-bed detection means 6. 

[0019] The sleep phase judging control unit 3 mainly consists of the signal extract means 4, a sleep 
phase judging means 5, and a test subject lying-in-bed detection means 6, judges a sleep phase from 
the pressure fluctuation data of the air mat 1 1 interior obtained by the biomedical signal detection 
means 1 , and is equipped with the function which records this continuously, displays it and outputs 
it. 

[0020] The signal extract means 4 takes out a heartbeat signal, a respiratory signal, and a changing- 
sides frequency signal from the output signal of the fine differential pressure sensor 1 3 using a filter 
circuit or a data-processing means. Although various signals are overlapped on the signal detected by 
the biomedical signal detection means 1 , since it has a signal wave form respectively peculiar to a 
heartbeat signal or a respiratory signal, with the application of a suitable filter and a data-processing 
means, a signal extract is performed in the signal extract means 4. 

[0021] The sleep phase judging means 5 judges a sleep phase from the heartbeat signal ****(ed) in 
the signal extract means 4, and a respiratory signal. Generally a sleep phase is roughly classified into 
wakefulness, a REM sleep phase, and a non-REM sleep phase. With the sleep phase judging means 
5, it corresponds to which phase, or a judgment is performed, and the result is recorded continuously. 

[0022] Next, the sleep phase judging approach concerning this invention is explained. Generally 
human wakefulness and sleep are divided into some phases for a sleep phase based on an 
electroencephalogram wave. In wakefulness, alpha waves (8-13Hz) are conspicuous. There are REM 
sleep and non-REM sleep in sleep, and it occurs in the condition with the eye movement near 
wakefulness at non-REM sleep. If it becomes the 1st step of non-REM sleep, alpha waves will 
disappear, and if it will be dozed by Homo sapiens and becomes the 2nd step, it is begun to write **. 
The 3rd step and the 4th step make deep sleep. That is, it takes for shifting to the 4th from the 1 st, 
and sleep becomes deep. 

[0023] By the sleep phase judging approach of this invention, a biomedical signal detection means to 
detect the biomedical signal of this test subject stationed under a test subject's body has been 
arranged, the heart rate signal and the signal of a respiration rate were extracted from the output 
signal of said biomedical signal detection means, and the REM sleep phase and the non-REM sleep 
phase are distinguished from the fluctuation pattern of R wave spacing of said heart rate signal, and 
respiratory spacing of said respiratory signal. 

[0024] First, if a test subject lies to the air mat up side, a test subject's weight will be applied, a 
pressure will be applied to the air mat 11, and record of data will be started by data processing of a 
signal, and the judgment list of a sleep phase if the output of the absolute-pressure sensor 2 shows [ a 
test subject ] that lying in bed is carried out. 

[0025] If a test subject shifts to a hypnagogic state from wakefulness, if he goes into the sleep with 
deep 70bps and quite high heart rate also with lying-in-bed state, he will fall to about 60bps quickly 
by wakefulness. Moreover, when a respiratory signal shifts to sleep from recovery, it is known that 
breathing will become irregular. Having doubled these and having shifted to sleep from wakefulness 
can be judged easily. Moreover, when it will be from a sleep phase in wakefulness, change of the 
rapid rise of a heart rate and breathing takes place like the hypnagogic time, and it can distinguish 
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easily. 

[0026] When the sleep phase was roughly divided, it was divided into the REM sleep phase and the 
non-REM sleep phase, and it is equipped with the description from which the fluctuation pattern of 
the heartbeat signal wave form in each sleep phase and a respiratory signal wave form differs. That 
is, in a REM sleep phase, it can distinguish that it is in a REM sleep phase by knowing that R wave 
fluctuation of a heartbeat signal wave form will become irregular, and measuring appearance spacing 
of the part (R wave) of the crest of the extracted heartbeat signal. Moreover, in the non-REM sleep 
by which a phase 2 to the phase 4 of non-REM sleep was stabilized, although the respiratory signal 
wave form is completely regular, in REM sleep, breathing becomes irregular and increases. Since 
especially respiratory spacing becomes irregular to Tsuguaki, it can distinguish that it is a REM sleep 
phase. 

[0027] If the heartbeat signal wave form and the respiratory signal wave form have the characteristic 
fluctuation pattern respectively according to the sleep phase and the description of this fluctuation 
pattern is beforehand stored in a sleep phase judging control unit as explained above, the judgment 
of a test subject's sleep phase is easy. Moreover, since a heartbeat signal wave form and a respiratory 
signal wave form are detected by non-invasion with a biomedical signal detection means by which 
the air mat was used, a physical and mental burden is not applied to a test subject, and the sleep 
phase judging approach with an easy configuration and sleep phase judging equipment are realized. 
[0028] 

[Effect of the Invention] Although the approach using a sleep poly SOMUNO graph (PSG) as an 
approach of getting to know a certain sleep phase from the former is common In order to measure by 
equipping a test subject's face and the body with many electrodes by the approach using PSG The 
time for one week is taken to be able to obtain natural sleep from several, and the physical and 
corporal burden given to a test subject as a result was very large, and when the costs which this takes 
further also became a large sum, it had a problem. 

[0029] according to the sleep phase judging approach by this invention, providing a test subject with 
the approach and equipment which can judge a sleep phase, without applying non-invasion, i.e., a 
physical and mental burden, to a test subject, becoming possible to continue and record the sleep 
phase in a natural sleep state, and contributing to the progression in quality of the everyday health 
care — there is a great thing. Moreover, since the sleep phase judging equipment of this invention is 
easy structure, also not only at medical facilities but at each home, it can be used easily, and great 
effectiveness can be expected from the health care in each home. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is an explanatory view explaining the system of the sleep phase judging approach 
concerning this operation, and sleep phase judging equipment. 
[Description of Notations] 

1 Biomedical Signal Detection Means 

1 1 Air Mat 

1 2 Air Tube 

13 Fine Differential Pressure Sensor 

2 Absolute-Pressure Sensor 

3 Sleep Phase Judging Control Unit 

4 Signal Extract Means 

5 Sleep Phase Presumption Means 

6 Test Subject Lying-in-Bed Detection Means 

7 Bedding 
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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1] 
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